Abstract. Umborotula bogorensis (Weber, 1890) is a freshwater sponge species that is recorded occasionally, mainly on islands and peninsulas of Australasia. Less than 10 records with morphological descriptions and illustrations have been published so far, and the most recent record is dated 1978. A list of the few voucher specimens from museum collections is provided here together with the rich unpublished Sasaki collection from Japan, Korea, and Taiwan, recently deposited in a Japanese museum. The present new record from Northeast Thailand enlarges the geographic range of U. bogorensis to the Indochina mainland. A comparison of historical data vs present Thai records is performed by morpho-analysis (SEM) as well as biogeographic, ecological and climatic data. Results show low variability in shape and size of the diagnostic morphotraits in populations scattered over the wide geographic range. Here we also formally accept the new taxonomic status (rank elevation) of the previous suborder Spongillina as a new order Spongillida. The presence of this potentially threatened species in the Sakaerat Biosphere Reserve, together with its possible long-term persistence in the Bogor Botanical Garden, may support European Journal of Taxonomy 260: 1-24 ISSN 2118-9773 http://dx.doi.org/10.5852/ejt.2017.260 www.europeanjournaloftaxonomy.eu 2017 This work is licensed under a Creative Commons Attribution 3.0 License.
Introduction
Southeast Asia harbours nearly one-fourth of the planet's plant and animal species (Myers et al. 2000; Mittermeier et al. 2005) . This biodiversity hot spot needs conservation measures (Sodhi et al. 2010; Woodruff 2010) , particularly for the extremely vulnerable freshwater ecosystems and their biota (Lévêque et al. 2005; Balian et al. 2008; Manconi & Pronzato 2008; Manconi et al. 2013; Van Damme et al. 2013) .
As for Porifera from Southeast Asian inland waters, data are scarce and based mostly on a few old records and scattered papers; the last synopsis highlighted that 26 species inhabit this area, with most species (18) reported only once, and a few reaching a maximum of 5 records (Manconi et al. 2013) . Knowledge of taxonomic richness, endemicity level, and biogeographic patterns of freshwater sponges is scarce, and biodiversity seems to be highly underestimated in the entire Oriental Region (Manconi et al. 2013; Van Soest et al. 2015) as indicated also by recent new records, e.g., from Pune and Singapore (Jakhalekar & Ghate 2013; Lim & Tan 2013; Kulkarni et al. 2015) . Extensive field campaigns in Thailand and SEM investigations have also yielded the discovery of a notably rich sponge fauna (Ruengsawang et al. 2012; Manconi et al. 2013; Ruengsawang 2013 ).
We report the discovery of Umborotula bogorensis (Weber, 1890) from Northeast Thailand in the Southeast Asian tropics, more than 80 years after one was last recorded. We provide a comparison of historical data and material vs present findings, together with synonymies and a detailed morphological analysis by SEM of the genus Umborotula. We further comment on the affinities of the genus, following a suggestion by Manconi et al. (2013) recommending its revision. In addition, we formally accept the rank elevation of the previous suborder Spongillina to the new order Spongillida.
Study area
The Sakaerat Biosphere Reserve (14°26ʹ to 14°32ʹ N, 101°50ʹ to 101°57ʹ E; UNESCO-MAB Biosphere Reserve) is situated on the edge of Thailand's Khorat Plateau (Northeastern Thailand) ca 300 km northeast of Bangkok (Figs 1-2). It was created in 1977 around the Sakaerat Environmental Research Station (SERS), which was established in 1967 primarily as a site for research on dry evergreen and dry dipterocarp tropical forests. The SERS is one of five biosphere reserves in Thailand created to promote long-term ecological research and to demonstrate sustainable forest management and biodiversity conservation according to the Man and Biosphere Reserve (MAB) concept. It is also listed as one of two international long-term ecological research (ILTER) sites in Thailand (Trisurat 2010) . The Sakaerat Biosphere Reserve has an area of 82 100 hectares at an elevation of 250 to 762 m a.s.l. The major ecosystem type is tropical dry or deciduous forest (including monsoon forests). Other vegetation types include bamboo forest, forest plantations and grassland. The average annual temperature at the Sakaerat Biosphere Reserve is 26°C and average annual rainfall is 1 260 mm. In the past three decades, natural forest cover, both inside and surrounding the SERS, has decreased because of deforestation (Trisurat 2010 ).
The stream is a tributary of the Mun River belonging to the western Mekong hydrographic basin (Figs 1-3) . This stream is a first order stream which usually flows for two months in September and October. Water quality parameters at the sampling site at a depth of 5 cm were as follows in December 2014: water temperature 16.7±0.1°C, pH 6.36±0.06, dissolved oxygen 1.12±0.47 mg/L, conductivity 203.33±1.15 µs/cm, total dissolved solids 98.33±3.79 ppm.
Material and methods
Collection of sponges (21 December 2014; 17 January 2015) was carried out during a visual census by wading through a temporary small stream with pools at ca 400 m a.s.l. near the King Cobra Cave (14°30ʹ15.83″ N, 101°55ʹ03.64″ E) in a dry evergreen forest (Figs 1-2 ). This stream was classified as an intermittent stream, with water remaining in some places until December. The sponge was found in the water remains of a residual pool.
Growth form, consistency, architecture of ectosomal and choanosomal skeleton, traits of skeletal megascleres and microscleres, gemmular architecture and gemmulosclere morphology were all taken into account for the diagnosis at the genus and species levels (Manconi & Pronzato 2002 , 2016 . Representative fragments of sponges were dissected for light microscopy (LM) or scanning electron microscopy (SEM) investigations. Spicules were processed by dissolution of organic matter in boiling 65% nitric acid, suspended in ethanol and dropped onto slides or stubs (see Manconi & Pronzato 2000) . Dry body fragments, dissociated spicules, entire gemmules and their cross sections were sputter-coated with gold and observed under TESCAN Vega3 (LMU) and LEO 1450VP scanning electron microscopes. Measurements were performed by LM on ca 50 spicules of each diagnostic spicular type. Measurements on gemmular diagnostic traits were performed by SEM. Museum acronyms are reported in the Appendix. 
Results
Class Demospongiae Sollas, 1888 Subclass Heteroscleromorpha Càrdenas, Perez & Boury-Esnault, 2012 Order Spongillida Manconi & Pronzato, 2002 We formally accept the new taxonomic status (rank elevation) of the previous suborder Spongillina as the new order Spongillida. The definition and diagnosis (emended after Pronzato 2002: 921-922 and Pronzato 2011: 348) are here confirmed in part; we simply erase "Haplosclerida with" from the beginning of the diagnosis; we add strongyles among megascleres, and we anticipate the presence of the earliest fossil of the taxon at the Upper Carboniferous. We also add a final sentence which states: "The order Spongillida is cosmopolitan in freshwater and brackish water and it is absent only from Antarctica."
The rank elevation of the suborder Spongillina to the order Spongillida was proposed by Cárdenas et al. (2012) and Morrow & Cárdenas (2015) , confirming the monophyly of freshwater sponges on the basis of both morphological (Manconi & Pronzato 2002 , 2011 ) and molecular analyses (Itskovich et al. 1999 (Itskovich et al. , 2008 Addis & Peterson 2005; Meixner et al. 2007; Redmond et al. 2007; Morrow et al. 2012; Morrow & Cárdenas 2015) .
Summarizing, from a morphological point of view, Spongillida are characterised by a skeletal architecture of monaxonid spicules (oxeas, styles, and strongyles) organized in isotropic/anisotropic networks of mono-to multi-spicular fibres, with scanty to abundant spongin. Microscleres are often present. Megascleres present as smooth, tubercled to variably spiny monaxons. The presence of resting bodies named gemmules is a trait shared by most families, genera, and species (ca 89%). Gemmules are a key diagnostic trait at genus and species levels. The closest taxon is the marine order Haplosclerida.
Family Spongillidae Gray, 1867
Genus Umborotula Penney & Racek, 1968 Umborotula Penney & Racek, 1968: 121 .
Ephydatia sensu Weber 1890: 33 (pars).

Meyenia sensu Penney 1960: 46 (pars).
Umborotula -Manconi & Pronzato 2002: 965.
Umborotula bogorensis (Weber, 1890) Figs 1-8; Ephydatia bogorensis -Weltner 1895: 114. -Annandale 1911: 54; 1918 : 201. -Gee & Wu 1925 : 393. -Gee 1926 1927a: 1; 1927b: 61; 1928: 225; 1929a: 13; 1929b: 297; 1930a: 84; 1930b: 170; 1930c: 28; 1930d: 90; 1931: 34; 1932a: 449; 1932b : 28. -Vorstman 1927 : 184. -Arndt 1932 : 564. -Sasaki 1970 : 44. -Cheng 1991 : 2. Ephydatia blembingia -Annandale 1907 1911: 54, 109; 1918 : 207. -Gee 1930a 1930d: 90; 1932a: 450; 1932c: 295 .
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Ephydatia bogorensis var. blembingia -Gee 1931: 34; 1932a: 449; 1932b: 28; 1932c: 308 
Remarks
Morphotraits of the presently described Thai material match previous descriptions and the type material (Table 1) , except for the absence of strongyles in the present material. For terminology we refer to Manconi & Pronzato (2002 , 2016 . 
Discussion
Historical sequence of records Umborotula bogorensis was described, between the end of the 19 th and the beginning of the 20 th centuries, by Weber (1890) under the genus Ephydatia Lamoroux (1816) as E. bogorensis from the Java Botanical Garden of Bogor (Buitenzorg) and subsequently by Evans (1901) as E. blembingia from the Blembing River in the southernmost peninsular area of Thailand (now Malaysia).
Another record of U. bogorensis (as E. bogorensis) was reported by Weltner (1895) from southern Sulawesi (Makassar, Celebes). All these three records are from the tropical-equatorial areas. The first record from temperate regions was reported by Annandale (1918) on a specimen from Taiwan (as Formosa) apparently collected by Gee. In the same paper, Annandale (1918) also indicated the presence of this species in the Chinese Province of Jiangsu; the record was, however, located by Gee (1927a-b) in the Chekiang Province. These two continental records must be considered with caution (see related question marks in Fig. 1 ) because of a possible confusion about Formosa Island and its belonging to 
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a Chinese Province. Vorstman (1927) described E. bogorensis from a sampling site in Bogor, and Gee (1930a) also collected this species in the Pond of Babakar, near Bogor, and from Legeh-Pattani, near Blembing (Gee 1932c ). Only at the end of the 20 th century were new records reported from outside Asia. Three Australian sites were indicated by Racek (1969) with records dated 1943 and 1958 (see below). Sasaki (1967 Sasaki ( , 1969 Sasaki ( , 1970 did not clarify the exact site for new records in South Japan and Taiwan. As for Sasaki's material, Y. Masuda and J. Nemoto (pers. comm.) informed us about several samples from Japan, South Korea, and Taiwan in Sasaki's freshwater sponge collection recently registered in the TUM museum (see Appendix).
Two other records without precise localities are from Thailand (Suvatti 1950) and Korea (Sasaki 1970) . Moreover, Tendal (1969) discovered in the Bismarck Archipelago a freshwater sponge very close to U. bogorensis, although he reported it as "indeterminable sample". A.A. Racek identified it as U. bogorensis after the paper publication (Ole Tendal pers. comm.) and a reprint with Tendal's handwritten species name is in our bibliographic collection.
The most recent record in the literature is from the Andaman Archipelago by Rützler (1978) .
In more than 125 years, from 40 papers reporting U. bogorensis, less than 20 indicate its precise locality ( Figs 1, 7) ; less than ten provide the ranges of spicule and gemmule measurements (Table 1 ) and produce comparable figures (Fig. 6) . Arndt (1932) reported a picture of the possible type locality of U. bogorensis (Fig. 8) in the botanical garden of Bogor (Buitenzorg). The preserved material is not abundant (see Fig. 7 . Historical trend of faunistic and taxonomic investigations focusing on Umborotula bogorensis (Weber, 1890) . The papers mentioning this species are 40. The 15 papers (box) reporting new records are indicated by asterisks. See also Fig. 1 (map) and Appendix. 260: 1-24 (2017) Appendix for details on museum material). The present new record of the species is ca 40 years after the last record (Rützler 1978 ) and more than 60 years after the last record in the Indo-Chinese area (Suvatti 1950) (Figs 1, 7) . The two Thai specimens are precious for comparative analysis.
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Taxonomy
The monotypic genus Umborotula was erected by Penney & Racek (1968) with U. bogorensis (Weber, 1890) as type species after a deep study and discussion of the available material. The most recent study of the type material was performed by SEM (Manconi & Pronzato 2002) .
All descriptions and illustrations of U. bogorensis highlighted a low intraspecific variability of diagnostic morphotraits (Fig. 6) . However, as previously noted, the morphological descriptions of U. bogorensis reporting measurements are few (less than 10), the figures representing spicules are less (6) and they report both smooth oxeas and strongyles (Table 1 ). In particular, the figures of Gee & Wu (1925) are in contrast with those of Gee & Wu (1927) .
Some taxa now ascribed to the genus Umborotula were previously placed in the genus Ephydatia (E. bogorensis and E. blembingia) on the basis of the trait 'birotules radially embedded in the gemmular theca', shared by the species previously ascribed to the subfamily Meyeninae Vejdovsky, 1887. Penney & Fig. 8 . Umborotula bogorensis (Weber, 1890) . Possible type locality in a pond of the Bogor Botanical Garden (Java). Picture after Arndt (1932) (Weber, 1890) . Comparison of spicular and resting body morphotraits of the new specimens from Thailand against all other described specimens.
European Journal of Taxonomy 260: 1-24 (2017) Racek (1968) rejected the two subfamilies because the majority of spongillid species do not match exactly the definition of Meyeninae vs Spongillinae Vejdovsky, 1887.
As for affinities of the genus, Umborotula shares birotule gemmuloscleres radially arranged in the gemmular theca with Ephydatia, but the diagnostic trait 'architecture of the pneumatic layer' deeply diverges in the two genera, being chambered in the latter genus and clearly fibrous in the former. Gemmuloscleres as 'birotules radially arranged in the theca with fibrous pneumatic layer', together with 'hooks at the rotule margin' are traits also shared by Umborotula with the genera Dosilia defined by Gray (1867) and Corvoheteromeyenia defined by Ezcurra de Drago (1979) , although the former genus lacks microscleres, which are typically present in the latter two genera. Umborotula also shows, as suggested by Penney & Racek (1968: 123) , some affinities and differences from two other genera, i.e., Heteromeyenia defined by Potts (1881) and Anheteromeyenia defined by Schröder (1927) ; however, their gemmuloscleres belong to two categories, i.e., pseudobirotules and birotules in the former and exclusively pseudobirotules in the latter.
Results of the present morphoanalysis are in agreement with the majority of available morphological data on U. bogorensis in the literature, confirming 'spiny oxeas' as the dominant megascleres (Table 1) . The presence of 'rare spiny strongyles' (Table 1) is not confirmed here for Thai material. Smooth strongyles (Table 1) are reported only by Gee (1930a) .
Habitat
Umborotula bogorensis was found in both lotic and lentic freshwater bodies in shaded habitats. Japanese and Korean populations (Sasaki collection) are all from ponds. The sponges are encrusting and creeping on aquatic plants, the underside of leaves (Fig. 8) , and blades of grass, branching weeds and woody debris (sticks and timbers). The discovery of U. bogorensis on the Thai mainland indicates that the rarity of records for this species could apparently be related to its cryptic habit, e.g., the small size and the encrusting growth form of specimens, which until now were mostly reported as creeping on vegetation, such as undersides of floating leaves, grass and sticks. The present record indicates that this species is also able to colonize both sticks and rocks in small streams and temporary pools. However, the population of this species at the collection sites apparently disappeared after a high flood in the rainy season (Sep. 2015).
Biogeography
Umborotula Penney & Racek (1968) is a monotypic Australasian genus of freshwater sponges, with several records in the Wallacea, Australia, China, Korea and Japan. Umborotula bogorensis is apparently very rare and known exclusively from the Palaearctic, with a geographic range from SE Asia to E Australia, with scattered records from Malaysia, Java, Makassar, Sulawesi, Thailand, China, Taiwan, South Korea, and Eastern Australia (Figs 1-2 The approximate geographic range of U. bogorensis is from 90° to 160° E and from 40° N to 30° S. This wide distributional area, notwithstanding the clear eastern Australasian location, involves three zoogeographic regions, i.e., the eastern Oriental Region (Southeast Asia and South China), the eastern Palaearctic Region (Korea and Japan) and the eastern Australian Region. Many records are reported from coastal areas, i.e., islands and peninsulas (Fig. 1) .
Umborotula bogorensis inhabits freshwater bodies in a wide climatic range, according to the Köppen-Geiger climate classification (Peel et al. 2007) , from tropical monsoon to rain forest climates (Java, Sulawesi, peninsular Malaysia, inland Thailand, and Taiwan) to wet sub-tropical and tropical rain forest (East Australia) up to humid temperate (Japan) and boreal climates (South Korea).
Conclusion
Although U. bogorensis has been considered an 'underestimated' species, it could be less rare than previously thought (Penney & Racek 1968; Racek 1969 ). In addition, there is a problem with disclosure of data. Accordingly, the present report of the unpublished Sasaki collection doubles the number of known species records (see Appendix and Figs 1, 7).
The rarity of this species could be related to its microhabitat, cryptic behaviour (cryptobiosis in the life cycle), and mimetic habitus (colour, encrusting growth form, and small body size). This sciophilous species seems also, however, to be able to adapt its life style to harsh conditions, i.e., temporary freshwater bodies as in the present case.
Taking into account the present scenario, U. bogorensis needs precise monitoring of the sites from where it was recorded. The rapidly growing environmental pressure from the human population and the high rate of habitat destruction (Woodruff 2010 ) predicts a severe biodiversity crisis in Southeast Asia (Sodhi et al. 2010) . It seems urgent to insert freshwater sponge species on red lists of threatened freshwater fauna (see Fontaine et al. 2007 ).
The present study suggests that U. bogorensis could be an excellent species model to promote protection and conservation of rare freshwater sponge species, particularly in the tropical-subtropical and temperate (Japan, Taiwan) latitudes of Asia. Summarizing, only 30 specimens have been collected during more than 125 years. Sometimes the time lapse between two records is over 30 years. There are less than 20 taxonomic studies on this species and less than 10 papers giving illustrations. Unfortunately, almost all records are single; only from Bogor have two successive findings been reported (1890 and 1927) .
The new record of this species in the Sakaerat Biosphere Reserve, together with its potential (not confirmed) long-term persistence in the Bogor Botanical Garden, are consistent with a proposal for its conservation. The present scenario of the known populations, which are extremely scattered in time and space, suggests defining the status of U. bogorensis as extremely rare, vulnerable, if not endangered, following the IUCN "red list" criteria. 
Sasaki's collection, Japan (Y. Masuda, in litteris)
Ephydatia bogorensis WEBER.
Japan -Sampling Points
1) 4 ponds, Fukuoka Prefecture.
2) 1 pond, Oita Prefecture.
3) 1 pond, Okayama Prefecture.
South Korea -Sampling Points 1) Daxingje Reservoir, Pohang-si, Gyeongsangbuk Province.
2) Jeongjije Reservoir, Haenganmyeon, Buan-gun, Jeollabuk Province.
3) Deokje Reservoir, Buan-gun, Jeollabuk Province. Remarks This list is different from the TUM museum catalogue reported above and refers to private notes by Sasaki.
Nisit Ruengsawang Private Collection, CNR, Thailand
Umborotula bogorensis (Weber) , CNR-POR-FW 100.
Umborotula bogorensis (Weber) 
